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ABSTRACT 


The work reported in this thesis deals with the 
Telemetry of Power Systems Parameters from generating 
stations or sub-stations to a master control station for 
monitoring and control purposes, 

A transmitter was designed and implemented to 
acquire data related to the different parameters, process 
it in a 8-bit microprocessor and transmit it to the master 
control station through a short optical fibre link, 

A receiver was designed and implemented for the 
master control station which could take care of the message 
received from a number of such transmitters that may be 
connected to it through the link. 

The fibre optic communica.t ion link used has a IiED 
source and PIN photodetector. 
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IKISQDUOTION 

1 .1 Wfaat is Telemetry 

Telemetry, by definition, is the collecting of 
data from inaccessible locations and transmitting the 
information to accessible locations. Today the concept 
of Telemetry system has been broadened to include actuation 
of devices and systems from a remote location. Thus 
Telemetry systems find wide applications where centralised 
control of widely dispersed units is required. Telemetry 
systems are used in many and varied applications like 
satellite control and communication, aircraft communication, 
submarine communication, oil-fields, mines, electric-power 
generation and distribution etc. This thesis, as the title 
suggests, deals with telemetry applications in the last of 
the above mentioned areas. 

1 .2 Advantage of Using Telemetry for Power Systems 

The Telemetry systems are essentially data 
acquisition systems for acquiring data from complex systems 
which are generally distributed geographically over a vast 
area. Power system with its inherent distributed nature 
lends itself as ideal application area for Telemetry system. 
With ever increasing demand for electrical energy coupled 
with the recent energy crises faced all over the world, 
the efficiency in generation and distribution of electrical 
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energy has become an increasingly important criterion, 

Purther the interconnection of electrical distribution 
grids at area, region and national level to provide an 
integrated distributed network has added an additional 
dimension, to the over-all complexity of the electrical 
network. This in turn requires finer monitoring and 
control of various parameters of the distributed power 
system. The economic advantages of integrated management 
of large power systems network have been well established. 

The major benefits of such operation are the following; 

(a) Seduction of installed capacity required to 
meet the varying load demands, 

(b) Reduction in reserve capacity refuired. 

(c) Ability to introduce large size generating 
units . 

(d) Enhanced reliability of power supply. 

A basic requirement in the management of such a 
large network, as the Power System, in an integrated manner 
is the ability to centrally monitor and control a large number 
of system parameters such as line voltages, currents, 
frequency, MW generation, load demand, circuit breaker 
positions, transformer tap positions etc., of the widely 
distributed generating stations, sub-stations and the 
transmission network. The volume and type of information 
to be exchanged will depend on factors such as levels of the 
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centres in the network hierarchy, monitoring and control 
functions assigned to the centres exchanging data and 
the extent of automation employed by the system. This 
exchange of information calls for a efficient conmunicat ion 
system linking the whole network. Telemetry systems 
employing appropriate communication medium offer a versatile 
means of such remote monitoring and control of system 
parameters. 

1,3 jDrawbaok of Early Days Telemetry Systems 

The telemetry technology has evolved over a 
considerable period of tiufi , In the initial days, the 
conventional telemetry systems which were in use, have now 
become obsolete due to their inherent disadvantages. The 
conventional telemetry systems are based on hard -wired 
logic and use digital cyclic technique for monitoring 
and transmitting data for generating station (sub-stations 
to the controlling station or the Electric Loa-d Despatch 
Centre (EIDC) as it is better known. These systems have 
the following limitations; 

(a) lack of operational flexibility, 

(b) Size- of hardwired circuitry is large. 

(c) Data security is miniffal. 

(d) Diaga!»istic checking capability is 
minimal. 
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1 .4 Modern Trends la Power System Telemetry 

Tbe advent of microprocessors have revolutionized 
telemetry and telecontrol systems. Computer-based telemetry 
systems are being currently used for monitoring and control 
of power systems. These consists of tbe following; 

(a) A central computer system at the Master Control 
Station or EIDC. 

(b) Remote terminal units (ETIIs) placed at 
various generating stations/sub -stations, 

(c) Dedicated communication channels between 
the Master Control Station and the RTUs, 

The central computer system is generally built 
around a dual microcomputer system operating preferably in 
hot standby mode. Configuration of the system comprises 
system disks, logger printers, coloured semigraphic display 
units, key boards, mimics, communication interface, operator’s 
console etc. 

The RTU is a microprocessor - based data acquisition 
system suitable for Telemetry and Telecontrol applications. 

It is situated close to a number of measuring and control 
instruments of a generating station/sub-station from which 
the information is collected and to which control commands 
are passed. RTUs scans its inputs at predetermined tine 
intervals j compares the readings with previously stored 
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data, thus enabling detection of change of state and 
alaansS’, This inforiaation is kept ready by the RTU for 
forward transmission to the central computer when called 
for. It employs sophisticated microprogramming technique 
to provide a highly secure method of data transmission and 
being soft-ware based offers a considerable degree of 
flexibility for incorporating special application - 
oriented features^ The data transmission between the 
blaster Station and the ETUs is effected by suitable communi- 
cation protocols which ensure the data integrity* 

The overall system consisting of the Master Control 
Station, RTUs and the coranunicat ion links is called 
Supervisory Control and Data Acquisition (SGADA) system. 

There are other names used for such systems for example^ 
communication, command and control system (e systems). 

The name SCADA is preferred for such systems as the words 
’ Super vis or jr' and ’Control’ describe the functions explicitly. 
•The details of a SQADA system is given in the next chapter, 

1 .5 leed for Optical-fibre Link in Power System Telemetry 

In any communication network for an electric power 
system it is essential to prevent interference by electro- 
magnetic fields produced by the very large voltages and 
currents, specially due to switching transients which are 
carried by the electric power cables. In this regard, the 
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twisted pair cables are not suitable as they are -very much 
pronj to disturbances by such noises. The preferred solution 
in the past has been micro-wave free space propagation, 
but the construction of plycns for the micro-wave antenna 
near the ultra-high voltage underground transformer sub- 
stations in the city is very difficult and expensive. In 
addition radio-wave blocking by high rise buildings has 
always been a major factor. With optical fibre there is no 
such problems and hence fibre optic link is Tiest suited for 
power system telemetry. 

Today optical-fibre communication systems for 
telemetry purposes have entered the phase of actual use at 
several power companies in Japan, More facts about this 
can be had from the paper titled, 'Optical-Fibre Go nm unicat ions 
for Electric Power Companies in Japan appearing in the 
October 1980 issue of the IEEE Proceedings (1). 

The need for optical fibre communication systems 
for the power companies are tabulated in Taltle 1,1, 

Prom the table, it is clear that the main competition of the 
fibre optic, as a link, is with electric wire. Below a 
comparison is given between electrical wire and fibi^ 
optics. 
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1.5.1 Electrical Wire Vs. glbre Optios 
Advantagies : 

(1) In fibre optic cables the signals are transmitted 
in the form of energy packets (photons ) which 
have no electrical charge. Consequently it 
is physically impossible for high electric 
fields (lightning, high-voltage etc.) or laige 
magnetic fields (heavy electrical machinery, 
transfonaers , cyclotron etc.) to affect the 
transmission, 

(2) There can be a slight leakage of flux from an 
optical fibre, but shielding is easily done by 
an opaque jacket, so signal bearing fibres 
cannot interfere: wit h each other or the most 
sensitive electric circuits, and the optically 
transmitted wave form is therefore secure from 
external detection, 

(3) In soma applications, optical fibres carry 
signals enough to be energetically useful 
(e.g, for photocoagulat ion) and potentially 
harmful. But in most data communication 
applications economy dictates the use of 
flux levels of 100 W or less. Such levels 
are radiologieally safe and in the event of a 
broken or damaged cable, the escaping flux is 
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harmless in explosive environnents XArhere a 
spark from a broken v/ire could be disastrous. 

(4) Jacketed fibre optic cables can tolerate more 
mechanical abuse (crush, impact, flestijre) than 
electrical cables of comparable size. Moreover 
fibre optic cables have an enormous weight and 
size advantage - for equivalent information 
capacity, 

(5) Properly cabled optical fibres can tolerate 
any kind of weather and can without ill-effect, 
be immersed in most fluids, including poulluted 
air and water. 

(6) Bandwidth considerations clearly give the 
advantage to fibre optics. In either parallel - 
or Goaxial-x^ire cable, the bandwidth varies 
inversely as the square of the length. While in 
fibre -optic cable it varies inversely as only 
the first power of the length. 

Disadvantages : 

The only disadvantage, worthr-ment ioning, that 
fibre -optics have as compared to wire cables is that 
the later may have several signal ’ taps ' , but 
multiple taps on fibre optic cables are economically 
impractical at present. 



It 


The above mentioned features are exploited to 
the utmost for power system telemetry. Table 1.2 
shows by purpose how these features are best 
utilised. 

1 .6 Thesis Outline 

In the next Chapter, i.e. Chapter 2, we describe in 
detail a SCiDA system and the scope of the present work. 

In Chapter 3 the system design is considered. Chapters 4 
and 5 deal with the hardware and the software of the system 
respectively, linally conclusions and scope for further 
work is given in Chapter 6. 
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Table 1 .2 


Purpose of Use 

i 

f 

1 Feature 

t 

Utilized 


I 

{ Non- induct ivity 

5 property 

I 

\ large data trans- 

mission capacity 

Power system protection 0 

Supervision & control 

0 

5 

Inte r-computers 

0 

0 

General Communication 

0 



0 : Principally used features 
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CHAPTBS 2 

OVERVIEW OF A SCADA SYSTBM 

The functional block diagram of a SCADi. system is 
given in Pig, 2.1 which shows three RTUs connected to a 
Master Control Station. Three full-duplex data conmuni- 
cation link is provided for the three RTUs together various 
data and transmit it to the Ifester Station, which in turn 
processes the data and sends back control command to the 
RTTJs . • 

2,1 Network Configuration for SGADA Systems 

Generally the following configurations are being 
used for SGADA systems; 

(a) Point-to-point 

(b) Star configuration 

(c) Double-star configuration 

(d) Star and multi-drop configuration 

(a) Pull Duplex Point-to-point Configurations 

As shown in Pig, 2. 2, it provides two-way cortmuni- 
cation between one master and one remote station employing 
full duplex modes. Point-to-point conf iguration is simple 
but it requires independent telemetry trans-receiver for one 
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data centre and many times it becomes uneconomical. Still 
in power systems where one or two remotely -located data 
centres are only there, point-to-point telemetry is 
used. 

(b ) Star-configured Eull Duplex Telemetry Scheme 

This arrangement, shown in Tig, 2. 3, is normally 
used for centralized control systems. In this case, even 
if one ETU fails, the other ETUs will be under the master ' 
station’s control and the system is not much affected. 

However if the master station fails, the complete network 
fails and thus ttere is a need for hot standby units for 
the master station. 

(c) Double Star Configuration 

It is a two-level hierarchical star configuration. 

This configuration can be thought of as several ETUs connected 
in star mode to Auxiliary Control Stations (ACS) which 
are connected to the master station again in star mode. 

Here again, for better system availability hot standby 
units have to be provided. This configuration is illustrated 
in Tig.2,4. 




R.TU5 
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(d) Star and Multidrop Configuration 

The configuration is shown in ]?ig,2.5. It uses an 
economic way of interconnecting RTUs and master stations. 

A prerequisite here is that a conmunication system must be 
available for this configuration, 

2.2 Types of Data in Power Systems 

Data generally measured in power systems for telemetry 
and telecontrol purposes are related to some of the following 
parameters; 

(a) AG voltages and current 

(b) Power 

(c) Reactive power 

(d) Line frequency 

(e) Power factor 

(f) Ikiergy 

(g) States of circuit brakers and transformer tap 
positions. 

2.3 SOADA Systemr-Hardware 
(a) RTU : 

Usiiiig appropriate transformers, the analog phase 
voltage and phase currents are converted into suitable low 
level voltages and fed as the analog input of the RTU, 

The digital inputs such as circuit braker (GB) status and 







- V\ 
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transformer tap positions are derived from potential free 
auxiliary contacts of the corresponding CBs. Thus the 
RTUs contain isolation block, signal conditioning block, 
multiplexers, analog to digital converter, sample and hold, 
EMif ROM, Microprocessor and Communication interface 
hardware elenents. MOS circuitry is preferred as it is 
highly immune to noise, the RTUs are provided with self- 
diagnostie check bits and data format programmes stored in 
ROM for making the system smart. The command inputs are 
also decoded by RTUs and appropriate information is sent 
as per the Master Station’s demand. The terminals are 
also provided with the input/output buffers to have a better 
transmission capability. The data are sent by block by 
block transmission rather than bit by bit transmission, A 
schematic representation of the RTU is given in Pig, 2, 6, 

(b ) Computer-based Master Station 

Configuration of this comprises a minicomputer 
system comprising system disks, logger printers, coloured semi 
graphic display units. Keyboards, mimics, communication 
interfa.ce, operator’s console etc. The function of a typical 
central unit with all accessory equipments can be summarized 
as follows: 

- Display and recording of the data transmitted by 
the RTUs. 

- Recording and display of energy values. 
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- Gont rolling and display annunciator system for 
digital status changes and out of limit conditions 
of analog values. 

- Supervision of communication channel and equipment 
status, Interfaci23g operator's Desk, 

2.4 SGADA Software 

The purpose of some of the important software 
packages are: 

(a) To determine the validity of data 

(b) To generate proper data base 

(c) Generation of commands for supervisory control 

(d) Message formating 

(e) Updating the data base 

(f) Diagnostic and corrective action 

(g) Alarm indications 

( h ) Go mmuni cat ion fun ct ions 

(i) logging of data 

(3) Economic load despatch calculations, etc. 

2.5 Soanolng Methods 

There are mainly four methods of scanning employed 
by the master station to obtain data from the slave station 
on the RTU. These are: 



Point -to --point Scan iSfethod; 


This is a simple system in configuration and 
requires one communication channel per remote 
station. The reliability is more in this ease as 
each ETU is directly connected to the central unit 
through communication medium, However,this becomes 
costly when the number of remote stations is more. 

Time Slot Seporting Method ; 

This configuration is best suitable for both 
in expensive and high speed Multi-renote/Single 
Master SCADA system. Time Slot Eeporting operates 
in the following manner. When a reporting sequence 
is to be started the master station sends a 
synchronising tone which aH the remote stations 
hear. The RTUs synchronize their internal clocks 
(which are crystal controlled for high accuracy) at 
the end of the tone burst (trailing edge), and the 
time sequence then commences. The master station 
sends no further transmissions* Nothing happens 
during the first time slot which is called time slot 
zero, ETU No.1 will turn on and report its message 
during time slot number one, ETU No, 2 will do the 
same during the time slot No. 2, and this process will 
continue until all remotes have each reported back 
in their own tine slot. This ^stem requires a periodic 



synchronisation from the master station which can 
he done on automatic bases in real time. 

Polling Method : 

Time slot reporting is limited to only bringing 
data from the remote to the master station. Devices 
at the remote station cannot be controlled, nor can 
the master station lock to a specific remote station. 
Polling on the other hand, enables the master station 
to have full control over the TDM system as well 
as to control remote points. The remote station is 
first designed to perform the required reporting and 
the control functions as if it solely was to communicate 
x^ith the master station in a one-to-one as is. The 
remote unit may perform simple functions or it may be 
highly complex select/check/operate configuration. 

Very simple logic is then added to the RTD design to 
adopt it for polling operation. The mayor part of 
this logic is an address comparator which detects if 
the address received from the master station 
corresponds to that HTD's address code. In this 
configuration actually the central unit contacts each 
RTU and asks for data. This method is ‘'•est suited 
for cost effective telemetry and telecontrol 
system. 
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(d) Loop Scan Method ; 

This is best suited for a number of ETUs which 
are located in line geographically with respect to 
the central station. Communication channel saving 
and. reduction in the central unit are the main 
criteria in selecting this method. jU.1 the remote 
stations are looped in this configuration ard the data 
pertaining to all these remote stations are transmitted 
in a single communication channel. This is best suited 
for Power System Network where the number of communi- 
cation channels are restricted. The remote stations 
will transmit data one after another with their address 
and the common central unit will receive the data 
and store it in the particular memory locations 
which is allotted for each ETlJ, 

2.6 Scope of the Present Work 

This includes the designing and imp le Dentation of 
a one-way link between a RTU and the central station. 

The ETU is designed as a data acquisition and transmission 
unit and the central station is designed to receive and 
display them. So the ETU is referred to as the Transmitter 
and the central station as the Receiver in the Thesis. The 
transmitter along with such other units are assunBd to be 
connected with the receiver in a star configuration. The 
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scanning method employed for transfer of data from the 
transmitter to receiver is point-to-point scan method. 
Optical fibre is used as the communication link for reasons 
mentioiBd in the previous chapter. 
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CHAPTBH 3 
SYSTEM DESIGN 


3,1 The overall design of the system will depend upon 
the nature of parameters we are going to monitor and the 
type of display we want. The parameters of interest are 
as follows; 

1 , Voltages 

Voltages are of sinusoidal in nature at a 
frequency of 50 Hz, Magnitude of the voltages may vary 
from system to system. It may be of the order of Kilo 
volts e.g. 11 kV, 33 kV or even more for transmission 
lines. General purpose domestic lines have an r.m.s. 
voltage of 220 V. Also for a single phase system we have 
only one voltage to monitor, whereas for a 'three phase system, 
which is being considered here we have three voltages to 
monitor* 

2. Currents 

The currents are also sinusoidal in nature with 
a fretuency of 50 Hz. Current is a highly variable factor. 
Voltages do not vary much for a system in normal conditions, 
but current magnitudes may vary even in normal condit ions. 



a practical system it may range from a few amperes at 
no load to Elloamperes at full load, e.g, transmission lines. 
So current is a load dependent factor. It increases 
drastically wten fault occurs. 


3. Phase Angle ’gf* ; 

The phase angle which is defined as the time domain 
log or lad of the current waveform with respect to the 
voltage waveform is also an important parameter. It gives 
us an information about the nature of the load, and the power 
factor. 


Total Power (or Apparent Power) = Real. Power + Reactive 

Power . 

If V and I are the voltage and current vectors, respectively, 
where the current vector is leading the voltage vector by 0 
degrees 


V=V 0,1 = 1 0 , 

— * — 

then Apparent Power = V . I 

= ^10 

, = V I Cos + 0 V I Sin 0 

m 

. . Real Power = VI Cos 0 

Reactive Power = VI Sin 0 


Power Pactor 
So Cos 0 gives 


Cos 0 


Real Power 
Apparent Power 

measure of the power factor. 



The paranffiters of interest are elaborated in Fig. 3.1. 

3.2 In this section, we give a brief description of 
each of the three modules i.e. Transmitter, Optical -fibre 
link and Receiver, that make up the systemi 

3.2.1 Transmitt er 

The transmitter unit consists of two blocks. One is 
a data acquisition block followed by a data processing and 
subsequent transmission block. This unit has also display 
facilities to flash the different parameters from time to 
time. Whenever a parameter is detected faulty by the 
transmitter it sends a message down the fibre-optic link to 
the receiver. The inputs to this unit are six sinusoidally 
varying voltage waveforms, three for the three phase voltages 
and three for the three phase currents (obtained by convercing 
current waveforms into voltage waveforms by proper scaling), 
varying between 0 to + 2 Volts in normal conditions . The 
actual voltages and currents of the system to be monitored 
is at a very high level. So they are stepped down by 
potential transformers (PT) and current transfoimer (GT) 
respectively. In this work we have not implemented these 
things ;qrd assume that their output is available to us. 

The transmitter unit starts with an input protection 
and buffer block which isolates it from the PT and OT. Then 
we have a sample and hold block meant for sampling and holding 
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of the analog sinusoidal input. The switches of this hloclc 
is controlled by a channel selector. The outputs of the 
sample and hold block is fed to a multiplexer -which in turn 
feeds them one by one to the analog input of a analog-to- 
digital converter. The operation of the above mentioned 
blocks are controlled by a timing block. All these blocks 
make up the data acquisition part of the transmitter. 

The data processing and subsequent transmission part 
of the transmitter has a 8085 chip used as the CPU. This 
controls various other blocks in this part of the transmitter 
such as RAM, SPEOM, Programmable Peripherial Chip 8255, 

US ART 8251 and Timer/Counter 8251 etc, 

3.2.2 Pibre-Optic link 

are 

The fibre optic link -we are using^devices made by 
Hewlett Packard. The link consists of three units - the 
transmitter, the optical fibre and the receiver, For the 
transmitter the HPBE-IOOl fibre optic transmitter was used. 
This is an integrated electrical to optical transducer 
designed for digital data transmission over single fibre 
channels. A bipolar integrated circuit and G-aAsP LED convert 
TTl level inputs to optical pulses at data rates from d.c. 
to 10 Mb/s lifRZ, The HPBR-1001 is intended for use with 
HPBR-3000 fibre optic cable /connect or assembles and the 
HP!br- 2001 fibre optic receiver for transmission distances 
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upto 100 meters. The HPBR-1001 generates optical signals 
in either of two externally selectable modes. The inter- 
nally coded mode produces a 3-level code optical signal 
for reception and decoding by the HPBR-2001 receiver. This 
feature provides data format independence over the data 
rate range of d.c. to 10 Mb/s RRZ while allowing for wide 
dynamic range and high sensitivity at the receiver. The 
externally-coded mode produces a 2- level optical signal which 
is a digital replica of the data input waveform. Used in 
this mode with the HE’BR-2001 receiver the user must provide 
proper data formatting to ensure proper receiver operation. 

In our case we have used the former mode i.e. internally 
coded mode. 

The HPBR-2001 fibre optic receiver is an integrated 
optical to electrical transducer designed for reception 
of digital data over single fibre channel. A silicon 
PIK photodet actor and bipolar integrated circuit convert 
optical pulses to TTI level output with an optical sensitivity 
of 8,8 p W and data rates upto 10 Mb/s KRZ, 

The optical fibre cable HH’BR-3000 uses a single 
fused silica, partially graded index, glass-clad fibre 
surrounded by silicone coating, buffer jacket, and tensile 
strength members. This combination is then covered by a 
scuff- resistant outer jacket. The cable resistance to 
mechanical abuse, safety in flammable environments, and inherent 
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absence of electromagnetic effects may make the use of conduit 
unnecessary. However, the light weight and high strength 
of these assemblies allow them to be drawn through most 
electrical conduits, 

3.2,3 Heceiver 

The receiver unit is so designed that it will scan 
a number of transmitters, for any message sent, one after 
another sequentially and then displays the message, Intel 8i35 
chip works as the CPU here. A USAET 8251- is interfaced with 
it (for each transmitter) to completed the link between the 
transmitter and the receiver. The various otter blocks in 
the receiver are RAM, EffiOM, Tiner/counter etc. 

The system block diagram consisting of the a.bove 
three units is given in Pig, 3. 2 
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CH&PTBB 4 


BEALIZATIOF OF THE HABDWARE 


4.1 Transmitter 

The transmitter can be mainly divided into two basic 
blocks. One is the data acquisition block and the other 
one is the data processing and the transmission block. In 
the da.ta acquisition block we have six sinusoid voltages 
representing the 3 phase voltages, Va, Yh, Yc and 3 phase 
currents la, Ib, Ic as the input. The voltage swing of each 
of these voltages in normal conditions is + 2 volts and 
the voltages are a,dequa,tely phase shiited from each other. 
However under abnormal conditions the voltage swings can 
go as high as + 5 volts. The frequency of each of these 
voltages is 50 Hz, which is the line frequency. 

4.2 Hardware Bela,ted to Data Acquisition 

Now we have six voltages of va.rying phase and amplitude 
whose instantaneous values should be available to the data 
processing unit for required calculations as and when desired 
by it . 

First of all we make sure that the data acquisition 
block is not affected if the output of the voltage and 
current transducers becomes many order higher than the normal 
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values due to some fault in the system. 5'or such high 
inputs diode protection for each channel is provided right 
at the input followed by buffers. 

Next to the buffers are the sample and hold (S/H) 
units. We have six channels and for each one S/H unit is 
required. So altogether we have six S/H units. The sampling 
rate is determined by the Timing circuit aM is fixed at 
8 KHz. This is so done as the output of the S/H circuits 
are fed to a analog multiplexer whose channels are selected by 
turn with a time gap corresponding to 1/8 KHz. So effectively 
we have at the output of the multiplexer sine waves which 
are sampled at a rate of 1 KHz. Since the frequency of 
each sine wave is 50 Hz so we have 20 samples for a period 
of each waveform. However titere is flexibility to change 
the sampling rate at will as the output frequency of the 
timing circuit can be varied. The switches, of the S/H 
circuit, which allow the charging or dischaiging and 
holding of the S/H capacitor are activated by a channel 
selector which is nothing but a 3 to S decoder. It 
has got three input lines coming from the timing circuits 
and eight output lines. When a particular 3 bit pattern 
comes to 'the input lines tbe corresponding output line goes 
low, or else it remains high. The chip (NS 5537) we have 
used for tbe S/H circuit has an internal logic built in 
which takes the S/H output in the bold state when the logi'i*' 
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input of the chip is low, and when it is high the s/H 
circuit is in the sampling or tracking mode. The six 
S/H outputs are connected to the six inputs of a 8-channel 
multiplexer, the other two inputs being grounded. The 
channel selection logic of the multiplexer is saios as 
that of the 3 to 8 decoder, so that when the output 
of a S/H of a channel goes into hold state that particular 
channel gets selected in the Mjx and the value appears at 
the output. The output of the Max is in turn connected to 
the analog input of the Analog-to-Digital converter (ifflC) 
which conveits the Mux analog output into digital form. 

The ADC output is interfaced to the }ip via a 8255 for 
subsequent processing of the data. The chip select of the 
ADC is fixed at 8 KHz so that it can get hold of aH the 
multiplexed values that are being fed at its input. 

4,3 Timing Circuit ; 

The timing circuit consists of an astable multi- 
vibrator and counters, Hirst of all a frequencj of 32 KHz 
is generated using the 555 Timer in the astable mode. 

Then this frequency is divided by four to obtain a square- 
wave of 8 KHz which acts as the chip select of the ADC. 

This square wave is again divided by 8 xirit h help of three 
flip-flops the outputs of each being fed to the eorres ponding 
channel -selector inputs of the 3-8 decoder and the Mix. These 
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outputs are also taken to tbe pp (8085) via an input 
part of 8255 so that tbe pp can know which channel is 
selected at any particular instant of time. The va.rious 
waveforms generated is explained below in detail. 

Clock ; This is the 32 KHz main clock generated by 
the 555 Timer. 

CSADC ; Chip select of iDC obtained by dividing the 
clock by 4. 

A : ISB of the logic for the channel selection of 

the Mxx and 3 to 8 decoder. Obtained by 
dividing CSADC by 2, 

B I Second bit of the logic for the channel selection 

of the S/lux and the 3 to 8 decoder. Obtained by 
dividing A by 2. 

0 ; MSB of the logic for the channel selection of 

the Mux and the 3 to 8 decoder obtained by 
dividing B by 2. 

O/PO to 0/P7: These are the outputs of the 3 to 8 decoder 

corresponding to the three logic inputs ABC, i.e . 
when CBA^-000, O/P 0 = 0 and O/P 1 to O/P 7 = 
when CBA = 001 , O/P 1 = 0 and O/P 0, O/P 2 to 
O/P 7 = 1 1 and so on. These outputs are 
connected to the logic input of the S/H block 
for proper sampling and holding. 
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CS Max 0 to : These waveforms are not actually generated 

OS 1/lDc 7 ^ ^ 

but are given here to have a proper idea 

about the functioning of the circuit. 

Corresponding to the thiee logic inputs 

A,B,C to the Max one of the channels is 

turned on, i,e, when CBA = 000, CS i5JX 0=1 

and CS MUX 1 to CS MUX 7=0, Similarly 

when CBA = 001 , CS MUX 1 = 1 and CS MUX 0, 

CS MUX 2 - CS MUX 7 = 0 and so on. 

A complete circuit of the' Bata Acquisition part of the 
Transmitter is shown in Big, 4.1. The various waveforms 
related to the functioning of the circuit is shown in 
Big, 4. 2, 

4,4 Principle of Working of the S/H Block 

As mentioned earlier, have used BE 5537 chip 
for the S/H purpose. The basic concept of the s/H circuit 
incorporates the use of two operational amplifiers and a 
switch control mechanism, which determines sanple, hold 
or track conditions. The block diagram of the BE 5537, 
given in Big. 4. 3, is a closed loop non- inverting unity gain 
sample and hold system. The input buffer anplifier supplies 
the current necessary to charge the hold capacitor, while 
the output buffer amplifier closes the loop so that the 
output voltage is identical to the input voltage with 
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considerations for input offset voltage, offset current and 
temperature variations which are common to all sample and 
hold circuits, be they monolithic, hybrid or modular. 

When the sampling switch is open (in the hold mode) 
the clamping diodes close the loop around the input amplifier 
to keep it from being oveidriven into saturation. 

The Switch control is driven by external logic levels, 
in our case the output of the 3 to 8 decoder. The switch 
control has a floating reference (pin 7), referred to as 
the logic reference which makes tte sample and hold device 
compatible to several types of external logic signals (TTl, 
PMOS, and CMOS), The switching device operates at a threshold 
level of 1,4 7, 

The switch mechanism is on (sampling an information 
stream) when the logic level is high and presents a load of 
5 A to the input logic signa.1. The analog sampled signal 
is amplified, stored in the external holding capacitor and 
buffered. At the end of the sampling period, the internal 
switch mechanism turns off (switch opens) and the 'stored 
analog memory' information on the external capacitor (pin 6) 
is loaded down by an operational amplifier connected in 
the unity gain non- inverting configuration. The amplifier 
input impedance is given by 


R 
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where , 

E = Effective input impedance 
R-|jj = Open-loop input impedance 
Aqjq =*= Open-loop gain 
A = AO loop gain 

Therefore, the higher the open loop gain of the second 
operational amplifier, the larger the effective loading 
on the capacitor. The larger the load, the lower the 
leakage current and the better the droop characteristics. 

Sampling time for the 13E 5557 is less than lOpsec. 
leakage current is 6 pA at a rate output load of OKohms. 

Since drive current of the input buffer of the S/H 
unit is finite and the leakage current in hold is not zero, 
the external capacitance, if large, limits the slowing 
rate in sample mode, and if small, converts leakage current 
droop in hold mode. The performance of a general S/H 
amplifier is given in Appendix A. 

4 . 5 Principles of Working of the ADG 

We are using AD 7574 as the ADG. It is a low cost 
8 bit microprocessor compatible ADC which utilises the 
successive approximation technique to provide a conversion 
time of 1 5 P- s. 

The ADC is interfaced with the microprocessor in Slow- 
Ifemory Interfa«e Mode. The timing diagram and the truth table 
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correspondiiLg to this mode is given in l'ig,4.4 and Table 4.1 
respectively. 

The operation of the ADC is Bipolar (Offset Binary) 
operat ion. 

The details regarding this chip can be had from 
Data-Acquisition Databook of Analog Devices. 

4.6 Selection of Components 

1 . Buffers : 

Bor this p A 741 was ciK>sen since it has high 
input differential voltage capacity = + 15 "7, apart 
from its other characteristics liljE high input 
impedance, low output impedance etc, 

2. Channel Selector or 5 to 8 Decoder : 

Bor this actually a 4 to 10 decoder 7442 was 
used with its MSB logic input grounded so as to 
obtain a 3 to 8 decoder. This was so done as 
the 3 to 8 decoder chip was not available, 

3. Sample and Hold ; 

HE 5537 was chosen as the S/H amplifier. This 
amplifier has high accuracy, fast acquisition time 
and low droop rate. 
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4. Multiplier ; 

CD 4051 was used as the 8-channel analog 
multiplexer. The control input this IC is 
compatible with T.T.l. levels, CD 405 I can take 
± 5 Y input voltage and hence is fit for the circuit, 

5. Clock : 

NE 555 (Timer) was used as clock as it has 
reasonably high temperature stability and is TTL 
compatible. The important feature to be noted here 
is that 555, unlike many RC timers provide a timed 
interval that is virtually independent of supply 
voltage 

6 . Counters ; 

Two 7493 chips were used. Each one has four 
flip-flops so division by 2 upto 1 6 is obtainable 
by properly setting the reset pins whenever it is 
needed, 

7 . Analog to Digital Converter ; 

AD 7574 was used for this purpose. It has a 
moderately high conversion time of 15 s. The 
input voltage range it can handle is sufficient 
for our purpose. 
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4 *7 Hardwaire ralated to Bata Processing and Transmission 

Once the sine waves of the different channels are 
converted into digital form, it is now the work of the \i p 
to get hold of this digital data and check v/hether they 
are within the set limits or not, and if they are crossing 
these limits then the p, p should send error messages via 
the USART 8251 , which is connected to the fibre optic 
transmitter module, so that these error codes get trans- 
mitted to the receiving end, For this purpose a tip kit 
EG - 85 (manufactured by PSP) was used. A brief description 
of this kit is given in Appendix B. The kit is’ based on 
Intel 8C85 chip. 

A 8255 chip was the input port . The three inputs we 
are interested in are (i) 8 bit data output of the ADC, 

(ii) the BUSY output of the ADC indicating start and end 
of conversion and (iii) The cha,nnel selection logic A,B,C, 
coming out from the timing circuits, to know to which 
channel the ADC output correspond. The 8-bit ADC data 
output was connected to port A of the 8255 which has the 
address 00. The BUSY line was connected to tte DSB of 
port C whose address is 02, The three channel selection 
logic lines were connected 0th, 1st and 2nd bit of port B 
having an address 01. The control port of the 8255 has 
an address 03. 
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The 8251 is the output peripherial chip used for 
serial transmission of da,ta. This i;as not available in 
the Kit and hence was externally interfaced. Its clock 
is the same as the system clock \^hich is 2 MHz. The chip 
select of the 8251 for the control and data ports was 
generated by using a 4 input Hand gate. Threeforethe inputs 
of the Hand gate came from address line Ag and A^ 
and the other input was connected to the IO/m line of p. 

The C/D line of the 8251 was connected to tke address line 
Ao. Thus the control port address of the 8251 is S 1 and 
that of the data port is Eo. These addresses were found 
alright as they did not clash lArith any other l/'O address of 
the system. 

The transmit clock (TxO) of the 8251 is obtained by 
dividing the system clock by 16 mth the help of counter 1 
of 8253 timer counter. This was so done as the clock for 
internal timing of the 8251 chip should be at least 13 times 
greater than Txc for it to operate in the asynchronous 
mode. Since we want to operate the US AST in the asynchronous 
mode we divided the system clock by 16 to obtain a data 
transmission rate of 125 KHz. The output of the 8253 
counter 1 was connected to the Txc input of 8251. The 8253 
has the following addresses for the three counters and 
the control word. Counter 0 has address 10, counter 1 
has 11, counter 2 has 12 and that of the control word is 13. 
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The clock of the counter 1 is connected to the 2 MHz 
system clock. Counter 1 is operated in Mode 3 with 
N = (lO)j^ so as to obtain an output at 125 KHz which is 
connected to the Txc of the 8251 , However setting 
IT = (033)p we can obtain the maximum data transmission rate 
with the present system which will be around 150 KHz* 

A block schematic of the data processing and subsequent 
transmission of jt is given in Pig. 4. 5. 

4,8 Receiver 

The hardware of the receiver is very much the same 
as that of the data processing part of the transmitter. 

Here also we have another PEP 10-85 2at with Intel’s 8i85 
chip as the microprocessor. In the receiver, the 8251 is 
connected in the receiving mode and 8255 is not needed. 

The Rxc (Receive Clock) of the USART is obtained in the 
same way as described in the transmitter above and is 
fixed at 125 KHz, The CS and C/5 of the 8251 is also 
generated in the same way. A block schematic of the 
receiver hardware unit is given in Pig, 4. 6, 

In both transmitter and the receiver, the display 
facilities available with the SC-85 Kit was used to display 
various quantities like voltage and current peak and r,m,s. 
values, power factor, power etc. in the transmitter and the 
error messages in the Receiver, 
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CHAPTER 5 

SYSTEM SOETTJARE T)ERTCT 


5.1 Transmitter 

For writing the software of the transmitter, the 
following steps should be kept in mind. 

1 , Initialisation ; 

Here the 8255 ports, A,B, C are programmed in the input 
mode, the 8251 is programmed in the asynchronous mode 
for data transmission and the counter 1 of 8253 is 
programned in mode 3. 

2. The 3 phase voltages Va, Vb, Vc are in channels 0, 2 and 4 
and the 3 phase currents la, Ib, Ic are in channels 1,3 and 
5, respectively. 1 particular channel corresponding to 

a particular phase voltage is chosen, 

3. The peak and r.m.s. value af this voltage is determined 
by the pp. If these values are found to cross some set 
limits then an error message is transmitted through 

tte 8251 . For example in normal conditions we are 
supposed to have sine waves having + 2 volts voltage 
excursions. On obtaining the peak (position) we compare 
the value with ADO outputs corresponding to + 2,5 volts, 
+1.5 volts and +4,5 volts. If it is above the first 
limit and below the third limit then we declare an 
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over voltage or over ourrent condition has appeared. 

If it is belov the second limit then ve declare a 
under voltage or under current condit ion has appeared. 
Lastly if the value is greater than the third limit then 
a surge condition is declared, 

4. If the peak voltage of a particular phase is found to 
he within the limits, its value is stored. Next we 
select a channel which contains tte current information 
of the same phase. Its peak and r.m^s# values are 
determined and it is ensured that they are within the 
set limits, otherwise error signals are sent via the 
8251 . The phase angle difference between the voltage 
and current is also obtained by properly activating a 
counter. 

5. The above steps are carried out for the other two 
phases also. 


6 , 


Once we know ^ip.m.s,^ ^peak* ^r.m»,s, 

angle and (0)f the power factor, real power, 


and phase 
re act ive 


poiArer etc. are easily calculated. 


5,2 Processing of . V. I and 0 in General 

The follOTAring steps should be followed for processing 
V, I and 0 , 
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1 . 


2 . 


3 . 


Wte talJB a phase voltage (say Va) and call it 

''^®'prev2* ^ next sample value of Ya is taken 

and is called • ^^®se two are stored in 

two memory locations. Similarly we take two 

successive samples of and store them in two 

memory locations, calling the first one Ippg-y.2 

and the second one la ^ . These values of Y_ 

previ ^ 

and are stored far comparison purposes. 

Next a value of Y„ is taken and is called Ya_^ . 

a new 

This Va^^ is compared with Va^ ^ If found 
new previ 

greater, this means that the waveform is rising 
so w© replace so we replace ^ by Va^^ 

P3?©Y I 21GW 

and Va n by Ya 1 , But if Ya is less than 
p 2 ?ev 2 •' prev new 

Ya ■ ■ i we go back and check if , is greater 

prev, t prev i 

than Ya , If it is so then Va , has occurred 
prev2 

and is equal to Ya prev,1. So we multiply by a 
constant to obtain Ya„ „ „ • 


At the same time we start detection of la^^ ^^ 

and start a counter to upcount, which stops when 

^^peak occurred, ^^pg^jj- also obtained in 

a similar manner as stated in step 2 above. Irom 

la 1 we get la^ „ „ . The counter is stopped and 
peak ^ r.m.s, 

its value is multiplied by a constant to give the 
phase angle 0 ^* 0 ^ is obtained on the basis that 

the counter is counting the number of la samples 
between Ya^^^ and lapgg^j-^ 
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The flow- chart for obtaining peak: and r.m.s. values 
of Va and la and the phase angle 0 is given in i'ig.5»1* 

Two things should be noted here — 

(a) We are detecting Va peak first, and we are not 
processing la information till the Va^^^^ occurs. 

So we are computing the lag of la with respect 

to Va. 

(b) We are doing comparisons only for the quantities in 
the positive half cycle. 

In a similar format we compute the other two sets 
i.e. V^, ^ and V^, 0^. 

A complete flow chart for the development of the 
software is given in Fig, 5. 2. 

in assembly language program was developed and its 
complete listing is given in Appendix C, 

Heceiver 

The Heceiver Unit is basically a display unit. 

The receiver gets hold of the error messages sent by the 
transmitter and displays it so that one can know where 
the fault has occurred. One thing should be kept in mind 
that although in the present system we have a single 
transmitter, in actual systems ttere will be several trans- 
mitt ei*s and the Receiver should be able to cater to all the 
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Tpaxisinit'bsirs « To be able bo do this the Receiver CPU 
accesses the 8251s connected to the different transmitters 
in a Time-Division.- Multiplexed mode. That is it checks 
each USAET for data in a cyclic way. The CPU check the 
HDY bit of the 8251 status byte which is connected to 
say Transmitter 1 . If it is set then data (i.e. error 
message) is there and CPU reads and displays it. If it is 
reset there is no error message till now and the CPU shifts 
its controls to the next 8251 which is connected to Transmitter 2 
and the same process is carried out. 

The USART 8251 in the Receiver is programmed in 
the asynchronous mode for receiving data. The 8253 counter 1 
is programmed in mode 3 to generate the Exc of the 8251 . 

A complete flow-chart for the receiver software is 
given in Pig. 5.3. The Assembly language Program is given 
in Appendix C. 
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CHAPm 6 
OOICLUSIOIT 

Having thus designed and implemented the Transmitter 
and the Receiver for the purpose of telemetry in Power 
Systems, in this chapter, we will try to evaluate the perform- 
ance of the system in terms of its capabilities and try to 
give some suggestions as to how this can be enhanced. 

As mentioned in Chapter 1 , the main parameters of 
interest in such applications are - 

(i) Analog Parameters: 

line on phase voltage 

Line or phase current 

Power flow, W 

Reactive power flow, MAR 

Power factor 

Energy 

Line Erequeney 

(ii) Digital Barameters: 

Circuit breaker status 

Isolator status position . 

Transformer tap position 


Alarms 
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The classification of analog and digital parameters is 
made on the basis of the nature of the input to the data 
acquisition system of the transmitter. Thus where the 
inputs are analog we call the corresponding parameters as 
analog parameters and for digital inputs the parameters 
are called digital parameters. 

As is clear from the discussions in the previous 
chapters, we have talsn care of the analog parameters with 
the exception of line frequency. The line frequency can 
be easily determined using the software by detecting successive 
zero-crossings of a waveform and noting the time interval 
between them with a counter suitably clocked by a known 
frequency and calculating the average time period. 

The digital parameters are not taken care of at all. 
This can be easily done by a min#r extension of the data 
acquisition hardware. The scheme is given below. 

First of all w© shall require a digital multiplexer 
(say 8-channel digital mux 74151) to feed the digital 
inputs to the microprocessor one by one. The channel 
selection of this Mix is same as that of the analog Mix, 
i.e., connected to the A,B,C outputs of the timing circuit. 

Now since the jU)C output and the digital Mux output are 
available to the microprocessor at the same time instant 
we must provide some means so that it can read them 02 ^ by 
one. For this we delay the ^ of the JiDG appropriately with 
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the help of a D-type flip-flop. In this case connecting 
the clock of the D.P.P. to the 32 KHz clock of the system 
is sufficient which will introduce a delay of 31 .25 p s. 

T^Tithin this time the microprocessor can read the digital 
Mux outputs after which it can devote itself for reading 
the ADC outputs. This scheme will not cause any error as 
the analog input of the ADC is held for a time period which 
is equal to the 'hold' time of the S/h amplifier, that is, 

1/8 ms or 125 P- s, and the conversion time of ADC is only 
15 P- s. So leaving aside 31.25 s from 125 s we have 
enough time for the ADC to complete the conversion and for 
the microprocessor to read its output value. The time 
period of 31.25 ps is also more than sufficient for the 
microprocessor to read the digital mux output. A block 
schematic of this scheme is given in I'ig,6.1, 

As regards the introduction of protocols one can 
consider the standard bit - oriented synchronous HDlO/SDIiG 
protocols. Detailed description of SDIO & EDUJ protocols 
are given in: 

(i) IBM Synchronous Data length Control General 
Information, GA 27-3093 * 

(ii) IBM 3650 Retail Store System loop Interface 
OEM Information, Gii27-3098-0. 

Lastly, it should be mentioned here that SSM4 
(Spread Spectrum Multiple Access) techniques can also ¥e used 
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effectively for reliable transmission of data bet-wcen the 
transmitter and the Receiver, In this scheme data from each 
transmitter is multiplied by a separate PIT sequence of much 
higher frequency than the data rate and then transmitted over 
the channel. In the receiver the P-R sequence corresponding 
to each transmitter is available with the help of which 
the data is recovered. In this method the band-width 
requirement of the communication channel is veiy high, but, 
that is no problem when we are using the optical fibre as 
the link. 

In this project we have only considered telemetry, 
i.e. acquisition of data from distributed remote units and 
sending them to a central master station. Work should also 
be done towards telecontrol, i.e., the master station sending 
control commands to the remote units for corrective measures 
that should be taken to erradicate the faults, to make the 
system complete. This would require two-way transmission 
through the P.O. link rather than the one-way transmission 
considered in the present case. Also to enhance the data 
handling capacity of the system more sophistica.ted processes 
like Intel 8086 should be used at both ends. 
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PEEFOBMANCE OP A S/H AMPTiT1?TCP 


In the sample mode it is useful to consider that 
S/H’ s performance can be characterized by specifications 
similar to those of a closed loop OPAMP nonlinearity, gain 
error, bias current etc., but with some what slower response 
(gain bandwidth, slewirg rate, settling tins ) because of 
the need to charge the storage capacitor. 

Howe-ver during sample to hold, hold and hold to 
sample states the dynamic nature of the mode switching 
introduces a number of specifications. These are given 
below: 

^ ) Acqusition Time : 

It is the time required by the output of the device 
to reach its final value, within a specified error band 
(+ 0,1?5) after the sample command is given. This 
includes switch delay time, slewing time and settling 
tine and is the minimum sample time required to obtain 
a given accuracy. 

2) Aperture (Delay) Time : 

The time required after the hold conmand until the 
Switch is fully open. This delays the effective sample 
timing with rapidly changing input signals. 
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5) Aperture Uncertainty ; 

This is the range of variation in the aperture time. 

If the aperture time is 'tuned out' by advancing the hold 
command by a suitable amount, this establishes the 
ultimate timing error, hence the maximum sampling 
frequency to a given resolution. 

4) Droop ; 

This is the change in the output voltage from the hold 
value as a result of device leakage or bias current 
flowing through the storage capacitor. Its polarity 
depends on the source of the leakage current within a 
given device. Droop rate may be calculated from droop 
current using the following formula: 

I (Volts/seo.) = dhfpPT 

5 ) Deed Through ; 

This is the component of the output which follows the 
i np ffit' after the switch is open, or the a.c. input 
waveform that appears at the output in the hold mode. 

It is caused by the stray capacitive coupling from the 
input to the storage capacitor principally across the 
open Switch. As a percentage of the input feed through 
is determined as the ratio of the feed through capacitance 

(Gf) to the hold capacitor (Ch). 
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6 ) Charge Transfer ; 

This is the charge transferred to the holding 
capacitor from the inters lect rode capacitances of 
the Switch when the unit is switched to the hold 
mode. The charge transfer generates a sample to hold 
offset where: 

S/H offset (y) = a. ?riie .,.. ( £ g i 

Ch (pT) 

7, Sample to Hold Offset ; 

This is the component of T.C. offset independent of 
Ch. This offset may be nulled using a null .-pot, 
however, the offset will then appear during the sampling 
mode, since it is unpredictable in magnitude and may be 
a function of the signal. It is also known as offset 
nonlinearity. 


Refer to Rigs^ A. 1, A. 2, A. 3 and A. 4 
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B RIEF DESCRIPTION OF T HB EO—85 MICRO PRQCBSSOB— KIT 


B,1 System Components 

Figure B,1 shows the SC-85 printed circuit board. 

The components and their locations are marked in this figure. 
A list of the large Scale Integrated Circuits (ISIs) along 
with their brief functional description is given below. A 
detailed description of thdse ISIs can be found in Intel 
MCS-85 User's Manual. 


Component 

Fun c t ion al De s cr ipt ion 

• 8085 

This is the microprocessor on which the 

complete system is based. It operates at 

the basic clock frequency of 2 MHz which is 

derived by internally dividing the 4 

cxystal frequency by 2, 

8212.1 

8212.1 is an 8 bit address latch which is 

used to demultiplex the lower order address 

information, AGE signal is used to latch 

the address info rnat ion. 

8212.2 

Optional Extra 8212.2 is used to buffer the 

8 bit sisiia,ls A15-A8. 

138.1 

74 IS 138.1 is a 3 to 8 line dec Oder which 

is used in this system to provide chip select 

to various l/O and peripherial ICs in the 

system. 
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5. 

6 , 

7. 


8 . 


9. 


10 . 

11 . 

12 . 


13. 


14. 


138.2 

2732 

2716.1 


2716.2 

6116.1 


6116.2 

6116.3 

8253 


8216.1 to 
8216.4 


8255.1 


74Ii SI 38.2 is used as a memory decoder. 

This 4K byte EPROM stores the Monitor 
program. 

Optional extra. This socket can be used to 
put a user PSROM (2716) or BAM (6116 or 
equivalent) . 

This socket can be used to put user SPROI 4 /RAM. 

2K byte Read/Write memory (RAM, SMS), A 
portion of this RAM is used by the Monitor, 
i.e. it must not be removed or replaced by 
EEROM. 

Optional Extra, 2K: byte RAM/EOM. 

Optional extra; 2K byte EAl^EOM, 

Three 16 bit counter/timers. Counter 0 is 
used in the system to provide single 
instruction capability. Counter 1 and 2 
connections are available to the user on 
the flat cable connectors. 

Optional extra. There 4 bit bidirectional 
buffers are used as buffers for the data 
bus and some of the control lines. 

This chip provides 24 TTl compatible 
bidirectional i/O lines. 



15 . 8255.2 Optional extra. This chip provides 

additional 24 ^0 lines; 

16. 8279 8279 is the complete Keyboard/Display 

controller which interfaces to the system 
bus on one side and the Keyboard and display 
on the other. This chip does Keyboard scanning 
and display refresh without CPU intervention. 

B ,2 Memory Addressing 

Address decoder 7 - 4^01382 is used to provide chip 
select inputs to various memory devices in the system. 

74 IiS 138.2 is enabled only when 10/^ is low. 

A memory map of the system is shown in T'ig.B.2. Note 
that the KB/Display controller 8279 is connected in a 
memory-mapped l/O mode and a set of two locations are 
reserved in the memory space for communication with this chip. 

RAM extends from address 2000 to 27B5'. locations 
27B4-27PP are reserved by the monitor for special use such 
as jump instructions for various interrupts. locations 
27 GO- 27 PP are used by the monitor to store variable data, 
locations 2000-27B3 are available to the user for programming. 




of»r?c 

TOP t xmHSfDN 

CDMMANn tn(:AT(r>M 
BOATOMSKAr 

data location 


USER RAm/RQM 
(2K) 


USED BY MONITOR 


'SEP ROM /RAM 
(JKI 


serrom/ram 

UK) 


MONtW ROM 
EC6SA/4 
(AK.iaml 
IfCtU3ES EC-&S 
monitor IEXTENSION 
MONITOR 






78 


B.3 Keyboard/Display Controller 

8279 has two portions Iceyboard portion and the 
display portion. In SC-85, Hsyboard portion is interfaced 
to the Keyboard which is organised as 4x8 matrix. As a 
key is pressed its corresponding code is entered in the First 
In First Out queue in 8279. This code can now be read by the 
microprocessor. The display portion of 8279 has a display HAK 
and refresh circuitry. In SC-85 the display RAM is organised 
as 8 bit locations. The data can be written in the display 
RAM by the microprocessor and then it is refreshed automatically 
by 8279. 

B.4 Input/Output Port ard Peripherial Device Addressing 
Port Addresses ; 

Address decoder 7413138,1 provides chip select 
signals to the various l/O and peripherial devices in 
the system. 741S138.1 is enabled when lO/i signal is high. 

Table B,1 lists each chip enable output alongwith the l/O 
port address over which it is active and the peripheral device 
which is selected. It will be seen from this table that 
two addresses are associated with, each port. To avoid 
confusion it is advisable to use one of these addresses only 
throughout one program, EC-85 monitor uses the former 
address. 
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TABLE B.1 


74LS138.1 

Output 


Active range of Port Numbers 
Port Addresses 


Selected Device 


Yq 00 - 07 

00 

01 

02 

03 

Y^ 08-OB 

08 

09 
OA 
OB 

Y2 10-17 

10 
11 
12 
13 




8255.1 (PPI) 

and 

04 

Port A 

and 

05 

Port B 

and 

06 

Port 0 

and 

07 

Control T^jOrd 



825.2 (PPI) 

and 

00 

Port A 

and 

OD 

Port B 

and 

OS 

Port 0 

and 

OP 

Control Word 



8253 (Programmable 
Interval 
Tiner) 

and 

14 

Counter 0 

and 

15 

Counter 1 

and 

16 

Counte r 2 

and 

17 

Control Word 


L - L 


Not used 
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B.5 Si/?nal on the Flat Cable Connectors 

Signals of the flat cable connectors to are 
assigned the following pin connections. 

Connector J-j 

Assignment PIN PIN Assignment Comments 


BUP A15 

1 

2 

CM 

BUP A14 

3 

4 

BUP A 11 

BUP A 13 

5 

6 

BUP A 10 

GND 

7 

8 

BUP A 9 

GND 

9 

10 

BUP A 8 

GND 

1 1 

12 

BUP A 7 

GNB 

13 

14 

BUP A 6 

GND 

15 

16 

BUP A 5 

GND 

17 

18 

BUP A 4 

GND 

19 

20 

BUP A 3 

GND 

21 

22 

BUP A 2 

GND 

23 

24 

BUP A 1 

GND 

25 

26 

BUP A 0 


Address Bus 


81 


Connector J 2 


Assignment 

PIN 

PIN 

Assignment 

Comment s 

CLK 2 

1 

2 

HEDA 

Connectoars for 

GATS 2 

3 

4 

HOED 

controls 1,3,5 ari 
related to timer 

OUT 2 

5 

6 

HEADY 

of 8253 

GKD 

7 

8 

BUP lO/M 


GKD 

9 

10 

BUP AEE 


GKD 

11 

12 

BUP SO 


GND 

13 

14 

BUP SI 


GHD 

15 

16 

BUP clock: 


GKD 

17 

18 

BUP m 


GNU 

1-9 

20 

BUP ED 


GND 

21 

22 

BUP StI 


GND 

23 

24 

INTR 


GND 

25 

26 

OPEN 
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Connector J, 


Assignment 

PIN 

PIN 

Assignment 

Comments 

CLK 1 

1 

2 

BUP RESET OUT 

Data bus 

GATE 1 

3 

4 

RST 6.5 

Pins 1,3,5 

OUT 1 

5 

6 

RSI 7.5 

are related 

to timer 1 of 

OUT 1 

7 

8 

SID 

8253 

HB3Br IN 

9 

10 

.SOD 


G.'.v,} 

11 

12 

BUP DT 


GND 

13 

14 

BUE D6 


GHD 

15 

16 

BUP D5 


GHD 

17 

18 

BUP D4 


GED 

19 

20 

BUP D3 


GED 

21 

22 

BUP D2 


GED 

23 

24 

BUP D1 


GED 

25 

26 

BUP DO 
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Connector 


Assignment 

PIN 

PIN 

Assignment 

Goiaiaents 

?C^ 

- 

4 

1 

2 

PC^ 

- 5 ' 

Parallel 

PG^ 

- 

2 

3 

4 

PC^ 

- 3 

l/O Ports 

PC^ 

_ 

0 

5 

6 

PCi 

T 1 


PB, 

1 

- 

6 

7 

8 

PBi 

- 7 


PB^ 

- 

4 

9 

10 

?Bi 

- 5 


PB^ 


2 

It 

12 

PB^ 

“ 3 


PB^ 

- 

0 

13 

14 

PB^ 

- 1 


PA^ 

- 

6 

15 

16 

PA^ 

- 7 


PA"! 


4 

17 

18 

PA^ 

- 5 


PA^ 

- 

2 

19 

20 

PA^ 

- 3 


PA^ 

- 

0 

21 

22 

PA^ 

- 1 


PC^ 

- 

6 

23 

24 

PC^ 

- 7 


GND 



25 

26 

GND 
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Ooimector 


f 


Assignment 

PIN 

PIN 

Assignment 

Comments 

KJg 

- 4 

1 

2 

PC2 - 5 

Extension 

PCg 

- 2 

3 

4 

PCg - 3 

Parallel 

PCg 

- 0 

5 

6 

PGg - 1 

l/O Ports 

PB2 

- 6 







7 

8 

PBg - 7 


PB2 

- 4 

9 

10 

PB2 - 5 


PB2 

- 2 

1 1 

12 

PB2 - 3 


PBp 

- 0 

13 

14 

PBg - 1 


PA2 

- 6 

15 

16 

PA2 - 7 


Pil2 

- 4 

17 

18 

PA2 - 5 


Pig 

- 2 

19 

20 

BA^ - 3 


PAg 

- 0 

21 

22 

PA2 - 1 


POj 

- 6 

23 

24 

PC2 - 7 


SHD 


25 

26 

GNU 



NOTIS: 1 . ?X^-M stands for bit M of port X of 8255 No.n. 

2 . BUF stands for buffered. 

3 . The ground pins in the above connectors are 
directly connected to the ground of the 
corf esponding ICs from which the signals 
are coming to the connectors. 
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APPBEDIX G 
SOPTTVARE LISTTWft 


Transmitter Software 


MVI 

A, 56 

OIT 

13 

M?I 

A, 10 

OUT 

11 

MVI 

A, 00 

OUT 

El 

OUT 

El 

OUT 

El 

MVI 

A, 40 

OUT 

El 

MVI 

A,PI) 

OUT 

El 

mi 

A, 13 

OUT 

El 

MVI 

A,9B 

OUT 

03 

CALL STOEE1 

STA 

2700 

CAHi STOR11 

STA 

2701 


rRY1 ; 


STILI1 : 


x'OTJNDI : 


ERHOR1 ; 


CAiL 

ST0RE1 

LXE 

H,2701 

CMP 

M 

JNC 

STIIil 

UDA 

2701 

DGX 

H 

CMP 

M 

JRC 

P0UI©1 

JZ 

P0UND1 

MOV 

B,M 

MOV 

M,A 

DCX 

H 

MOV 

M,B 

JMP 

TRY1 

CPI 

EC 

JNC 

ERRORI 

JZ 

ERR0R1 

CPI 

CC 

JNC 

ERR0E2 

CPI 

B2 

JC 

ERR0E3 

JMP 

NEXT1 

MVI 

A,5A 

OUT 

EO 

JMP 

NEXTl 
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■f;rror2 ; 


ERR0R3 : 

HEXn : 


rnttyo * 

JhN |||t\ JIU: Cmi 0 


ivi 

A,6A 

our 

EO 

JMP 

NEXT1 

MVI 

' A,7A 

OUT ■ 

EO 

MVI 

1,00 ■ 

CALI 

ST0EE2 

STA 

2704 

CALI 

ST0EE2 

STA 

2705 

CALI 

ST0RE2 

MI 

H, 2705 

CMP 

M 

JNC 

STIII2 

IDA 

2705 

DCX 

H 

CMP 

M 

JNC 

P0UKD2 

JZ 

E0Uiro2 

IM 

D 

MOV 

B,M 

MOV 

M,A 

DCX 

H 

■ MOV 

M, B ■ 

JMP 

TBY2 


CSTiTTTp . 

hutf sfci m*t* * 


I'0UKD2 ; 


EER0R4 : 

EHR0E5 : 

EBE0E6 ; 

NEXT2 ; 

TEY3 ; 


LXI 

H,2706 

MOV 

M,]3 

GPI 

EC 

JNG 

ERROR4- 

JZ 

EREOR4 

GPI 

CC 

JNG 

ERROE5 

GPI 

B2 

JG 

EEROE6 

JMP 

NEXT2 

MVI 

A,8A 

OUT 

EO 

JMP 

KEXT2 

M7I 

A,9A 

OUT 

EO 

JMP 

J3EXT2 

MVI, 

A,AA 

OUT 

EO 

GALL 

STORB3 

STA 

2708 

CALL 

ST0RS3 

STA 

2709 

GALL 

ST0EE3 

LXI 

H,2709 

GMP 

M 


JUG STILL3 



IDA 2709 


STILL3 : 


I'0UHD3 : 


ERE0E7 : 


SER0B8 ; 


DCX 

H 

CMP 

M 

JNC 

PO0ND3 

JZ 

POUND3 

MOV 

B,M 

MOV 

M,A 

DCX 

H 

MOV 

M,B 

JMP 

TEY3 

CPI 

SC 

JNC 

EEEOE7 

JZ 

SEEOE7 

CPI 

CC 

JNC 

SBE0E8 

CPI 

B2 

JC 

SEEOE9 

JMP 

NBXT3 

MVI 

A, BA 

OUT 

SO 

JMP 

NEXT3 

M?I 

A,CA 

OUT 

SO 


jMP HSXX3 



ERR0R9 : 

MVI 

A, DA 


OUT 

SO 


MVI 

D,00 

EEXr3: 

MVI 

D,00 


GAIL 

S,TORE4 


STA 

2700 


CALL 

ST0RE4 


STA 

27OD 

TRY4 : 

CAli 

ST0RE4 


IXI 

H,270D 


CMP 

M 


JNC 

STIII4 


IDA 

27OD 


DCX 

H 


CMP 

M 


JNC 

POUNDj- 


JZ 

P0UND4 

STILI4 : 

MOV 

B,M ‘ 


MDV 

M,A 


DCX 

H ■ 


MDV 

M,B 


JMP 

TRY4 

ROUKm t 

IXI 

H,270E 


MOV 

M,D 


CPI 

EG 


jNC ERR0H10 



EERORIO : 

ERRORI 1 : 

error 12 

■ NBXT4 ; 

TRY5 : 


JZ 

ERRORI 0 

CPI 

CC 

JNG 

ERHOR1 1 

CPI 

B2 

JC 

e:^ori 2 

JMP 

NSXT4 

M7I 

A,EA 

OUT 

EO 

JMP 

NEXT4 

MVI 

A, PA 

OUT 

SO 

JMP 

NEXT4 

MVI 

A,5B 

OUT 

EO 

CALL 

STORE5 

STA 

2710 

CALL 

ST0HE5 

STA 

2711 

CALL 

STORS^ 

LXI 

H,2711 

CMP 

M 

JUG 

STILL5 

LDA 

2711 

PCX 

H 

CMP 

M 

JKC 

10UH)5 

JZ 

P0UKD5 



STILL 5 : 


MOV B,M 
MOV M,A 
DCX H 



MDV 

M,B 


JMP 

TRY 5 

POUHD 5 : 

CPI 

EG 


JNC 

ERRORI5 


JZ 

ERRORI5 


CPI 

CC 


JNC 

ERROEI 4 


CPI 

B 2 


JC 

ERRORI5 


JMP 

NEXT 5 

EERORI5 : 

IVI 

A, 6 B 


OUT 

SO 


JMP 

lilEXT 5 

EERORI4 : 

mi 

A, 7 B 


OUT 

EO 


JMP 

SIEXT 5 

EREOEI5 : 

MVI 

00 


OUT 

EO 

KEXT 5 : 

mi 

L,00 


CALL 

STORES 


STA 

2714 


CALL 

STORES 


STA 

2715 



TRY6 j 


STILLS : 


POUNDS : 


GAIL 

STORES 

IXI 

H,2715 

CMP 

M 

JNO 

STILLS 

LDA 

2715 

PCX 

17 

CMP 

M 

JKC 

POUED5 

JZ 

POU1ID5 

MOV 

B,M 

MOV 

M,A 

PCX 

H 

MOV 

M,B 

JMP 

TRY6 

LXI 

H, 2716 

MOV 

M,P 

CPI 

EG 

INC 

ERRORI 6 

JZ 

ERRORl 6 

CPI 

CO 

JNG 

ERRORl 7 

CPI 

B2 

JG 

ERRORI 8 

JMP 

NEXTS 



ERR0R16 : 

W1 

A,9B 


OUT 

EO 


JMP 

NEXT6 

BRE0R17 : 

mi 

A,AB 


OUT 

EO 


jifflp 

NEXT6 

ERR0R18 : 

MVI 

A,BB 


OUT 

EO 

NEXT6 : 

JMP 

NEXT 

ST0RE1 ; 

IN 

02 


ANI 

01 


JZ 

ST0RE1 


IN 

01 


ANI 

07 


CPI 

00 


JNZ 

ST0EE1 


IN 

00 


CPI 

00 


JZ 

ST0RE1 


RET 


ST0RE2 : 

IN 

02 


ANT 

01 


JZ 

ST0RE2 


IN 

01 


ANI 

07 


CPI 

01 



ST0RE3 


ST0EE4 : 


JNZ 

ST0RE2 

IN 

00 

CPI 

00 

JZ 

ST0EE2 

BET 


IN 

02 

ANI 

01 

JZ 

ST0RE3 

IN 

01 

ANI 

07 

CPI 

02 

JNZ 

ST0RE3 

IN 

00 

CPI 

00 

JZ 

sroRE3 

EET 


IN 

02 

ANI 

01 

JZ 

ST0RE4 

IN 

01 

ANI 

07 

CPI 

03 

JNZ 

ST0RE4 

IN 

00 

CPI 

00 

JZ 

ST0RE4 
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ST0RE5 : 


ST0RE6 : 


IN 

02 

ANI 

01 

JZ ' 

ST0RS5 

IN 

01 

ANI 

07 

CPI 

04 

JNZ 

ST0RE5 

IN 

00 

CPI 

00 

JZ 

ST0RE5 

RET 


IN 

02 

ANI 

01 

JZ 

ST0RS6 

IN 

01 

ANI 

07 

CPI 

05 

JNZ 

ST0EB6 

IN 

00 

CPI 

00 

JZ 

ST0RE6 


RET 



C,2 Receiver Software 


MVI 

A, 56 

OUT 

13 

MVI 

A, 10 

OUT 

11 

MVI 

A, 00 

OUT 

19 

OUT 

19 

OUT 

19 

MVI 

A, 40 

OUT 

19 

MVI 

A, PD 

OUT 

1 9 

MVI 

A, 34 

OUT 

19 

MVI 

A, 00 

OUT 

29 

OUT 

29 

OUT 

29 

MVI 

A, 40 

OUT 

29 

MVI 

A, PD 

OUT 

29 

MVI 

A, 54 

OUT 

29 

MVI 

A, 00 


\ 



yb 


OUT 

39 

OUT 

39 

OUT 

39 

ml 

A, 40 

OUT 

39 

MVI 


OUT 

39 

ml 

A, 34 

OUT 

39 

MVI 

A, 00 

OUT 

49 

OUT 

49 

OUT 

49 

MVI 

A, 40 

OUT 

49 

MVI 

A,PI) 

OUT 

49 

MVI 

A, 34 

OUT 

49 

MVI 

A, 00 

OUT 

59 

OUT 

59 

OUT 

59 

MVI 

A, 40 

OUT 

59 

MVI 

A,TU 



TX1 ; 


OUT 

59 

MVI 

A, 34 

OUT 

59 

MVI 

A, 00 

OUT 

69 

OUT 

69 

OUT 

69 

mi 

A, 40 

OUT 

69 

MVI 

A,TU 

OUT 

69 

MVI 

A, 34 

OUT 

69 

MVI 

A, 00 

OUT 

79 

OUT 

79 

OUT 

79 

MVI 

A, 40 

OUT 

79 

MVI 

A, PD 

OUT 

79 

MVI 

A, 34 

OUT 

79 

m 

19 

ANI 

02 

JZ 

TXL 



TX1 


OUT 

59 

W1 

A, 34 

OUT 

59 

MVI 

O 

o 

OUT 

69 

OUT 

69 

OUT 

69 

MVI 

A, 40 

OUT 

69 

MVI 

A, I'D 

OUT 

69 

MVI 

A, 34 

OUT 

69 

mi 

A, 00 

OUT 

79 

OUT 

79 

OUT 

79 

MVI 

A, 40 

OUT 

79 

MVI 

A, PD 

OUT 

79 

MVI 

A, 34 

OUT 

79 

IK 

19 

ANI 

02 

JZ 

TXL 


IN 

18 

STA 

27F6 

MVI 

B,00 

GALL 

UH)DT 

LKI 

LjOOPF 

CALL 

DELAY 

IN 

29 

ANI 

02 

JZ 

TX3 

IN 

28 

STA 

27P6 

mi 

B,00 

CALL 

UEDDT 

LXI 

DjOOEP 

GALL 

DELAY 

IN 

39 

ANI 

02 

JZ 

TX4 

IN 

38 

STA 

27E6 

MVI 

B,00 

CALL 

UPDDT 

LXI 

DjOOEB 

CALL 

DELAY 



TX4 : 


TX5 : 


TX6 ; 


IN 

49 

ANI 

02 

J3 

TX5 

IN 

48 

STA 

27I'6 

MVI 

B,00 

CALI 

UH)LT 

IXI 

D,00FP 

CALL 

DELAY 

IN 

59 

ANI 

02 

JZ 

1X6 

IN 

58 

SIA 

27E6 

mi 

o 

o 

CALL 

UPDDT 

m 

DjOOEE 

CALL 

DELAY 

IN 

69 

ANI 

02 

JZ 

TX7 

IN 

68 

STA 

27E6 

mi 

B,00 

GALL 

UPDDT 

LXI 

DjOOEE 



TX7 : 


UPDDT : 


IN 79 
ANI 02 
JZ 1X1 
IN 78 
STA 27P6 
MVI B,00 
CALL UPDDT 
LXI D,00PP 

call delay 

This is a monitor routine of EC-85 which 
display the 8 bit number stored in location 


DELAYS 


27P6. 

This routine in the monitor of EC-85 taloss 
a number in D,E and counts it down to 0. 



